A diastereoselective and modular approach to the synthesis of the 3-hydroxymethyl-2,3,5,6,7,7a-hexahydro-1H-pyrrolizine-1,2,7-triol structure, characteristic of several natural pyrrolizidine natural products has been developed. This approach culminated in the synthesis of (-)-7-epiaustraline and (+)-1,7-diepiaustraline. The oxazolidinone group has been found to be a useful protecting group in the RCM reaction and, as part of a pyrrolo[1,2-c]oxazol-3-one ring system, has functioned as a stereo-and regiodirecting group, in a key diastereoselective cis-dihydroxylation reaction and a regioselective nucleophilic ringopening of a S,S-dioxo-dioxathiole. Abstract: A diastereoselective and modular approach to the synthesis of the 3-hydroxymethyl-2,3,5,6,7,7a-hexahydro-1H-pyrrolizine-1,2,7-triol structure, characteristic of several natural
and casuarine. We report here a new synthetic strategy for the preparation of these natural products, and their various stereoisomers, as shown in Figure 1 . This modular approach, which in principle allows access to all the stereoisomers of 3-hydroxymethyl-2,3, 5,6,7,7a-hexahydro-1H-pyrrolizine-1,2,7-triol (A) , is shown in Figure 2 . Aminolysis [13] [14] [15] of the enantiomerically enriched cis-or trans-vinyl epoxide E, that is readily available in all configurational forms using the Sharpless epoxidation, 15, 16 with either R or S chiral allylic amine
D,

17
could regio-and diastereoselectively provide the corresponding 1,2-amino alcohol with any stereochemistry desired. Protection of the amino alcohol functionality as the 2-oxazolidinone C followed by a ring-closing metathesis reaction 13, 15, [18] [19] [20] should provide the conformationally rigid pyrrolo [1,2-c] oxazol-3-one structure B. The bicyclic nature of B should allow for a stereochemically controlled cis-dihydroxylation of the 3,4-double bond of B, a problem that we 15 and others 18j,21 experienced in the synthesis of (-)-swainsonine. To test the feasibility of this approach we chose (+)-1,7-diepiaustraline 8 and (-)-7-epiaustaline 9 as our target molecules ( Figure 3 ). These compounds have the 6,7-cis and 6,7-trans diol stereochemistry, respectively. It was anticipated that by employing a oxozolidinone protecting group then the conformationally rigid pyrrolo [1,2-c] oxazol-3-one structure (F, Figure 3 ) obtained would allow for the introduction of these functionalities in a diastereoselective manner. Wittig-olefination reaction. 13, 15, 22 A solution of the vinyl epoxide (+)-10 and the (S)-allylamine 11
(1.4 equiv) in acetonitrile was heated at 120 o C in a sealed tube using LiOTf (1.5 equiv) as a catalyst for 72 h. This gave the amino alcohol (+)-12, along with no more than 2-3% of another diastereomer, in 98% yield via an S N 2 ring opening. The amino-alcohol (+)-12 was converted to the diastereomerically pure 2-oxazolidinone derivative (+)-13 in 79% yield using triphosgene under basic conditions. 18g,19a,20a-d,24 and their seven and eight 18d,19b,e membered-ring analogues have been successfully prepared via RCM, the RCM of 3-allyl-4-vinyl-2-oxazolidinone to give pyrrolo [1,2-c] oxazol-3-one has been reported not to proceed at RT. 18a We found that the RCM of 13 using standard conditions, to effect cis-dihydroxylation (DH) of the double bond, giving diol (-)-15 in good yield (82%).
Only one diastereomeric product was isolated, which was expected to arise from delivery of the two hydroxyl groups to the least hindered face of the 6,7-double bond in (-)-14. Figure 4 shows a molecular model (PC Spartan Pro, AM1) of 14, the -face is more sterically demanding due to the pseudo-axial proton H7a and the -C-5 benzyloxymethyl substituent, that hinder the -face (convex face) to attack by the osmium reagent ( Figure 4) . A similar argument has been proposed for the facial selectivity of DH reactions on related indolizines. 15,18j,21 The absolute stereochemistry assigned to 14 was unequivocally confirmed by its conversion to (+)-1,7-di-epiaustraline (8). This reaction resulted in a mixture of 19 and starting tetrol 18, which were readily separated as their peracetylated derivatives. In this way the pyrrolizidine-triacetate 20 was obtained in 20% overall yield from 17, over the three synthetic steps. The use of longer reaction times or other cyclization methods (e.g. CBr 4 , Ph 3 P) 15, 27 did not result in improved yields of 20. Compound 20 was then smoothly converted to the triacetate of (+)-1,7-diepiaustraline (22) by first hydrogenolysis of the primary benzyl ether group 15, 28 and then peracetylation in 84% overall yield. Finally, methoxide catalysed removal of the secondary acetates of 22 gave (+) -1,7-diepiaustraline (8) Scheme 2 outlines the synthesis of (-)-7-epiaustraline (9). This synthesis required inversion of the stereochemistry at C-7 in the pyrrolo [1,2-c] oxazol-3-one 15. Thus 15 was converted to its cyclicsulfate 23 using thionyl chloride followed by oxidation of the resulting cyclic sulfite with catalytic ruthenium tetroxide (80% yield for the two-step conversion). 29 Regioselective nucleophilic ring opening of the S,S-dioxo-dioxathiole ring of 15 with cesium benzoate, 29, 30 followed by an acid catalysed-hydrolysis gave the benzoate 24 in 56% yield. A small amount (ca 5%) of the other regioisomer could be detected from 1 H NMR analysis of the crude reaction mixture, however this minor compound could not be isolated pure. Nucleophilic attack on 23 would be expected to occur preferentially at C-7 since backside attack at C-6 would be more sterically demanding due to the -C-5 benzyloxymethyl substituent. Oxidative removal of the primary PMB ether in 24 using DDQ gave the corresponding primary alcohol 25 in 75% yield, without the need to protect the C-6 hydroxyl group.
Base hydrolysis of the oxazolidinone ring gave the amino tetrol 26 in 61% yield. Cyclization of 26
under Mitsunobu conditions again proved problematic and after acetylation of the crude cyclization mixture, the desired triacetate 28 was isolated in 22% overall yield from 26. This compound was readily converted to the known triacetate of (-)-7-epiaustraline (30) according to Scheme 2. This sample had identical spectral characteristics to those reported in the literature for (-)-30.
Base catalysed hydrolysis of 30 gave (-)-7-epiaustaline (9) that had spectral data and a specific rotation In summary, we have developed a diastereoselective and modular approach to the synthesis of the 3-hydroxymethyl-2,3,5,6,7,7a-hexahydro-1H-pyrrolizine-1,2,7-triol structure, characteristic of several pyrrolizidine natural products. The oxazolidinone group has been found to be a useful protecting group in the RCM reaction and, as part of a pyrrolo [1,2-c] oxazol-3-one ring system, has functioned as a stereo-and regio-directing group, in a key diastereoselective cis-dihydroxylation reaction and a Grubbs' Catalyst I (245 mg, 0.298 mmol) was added to a solution of 13 (520 mg, 1.190 mmol) and extracted with DCM (3x). The combined organics were dried (MgSO 4 ) and filtered and the solvent was removed under reduced pressure to give a red semi-solid that was purified by column chromatography (30%-80% EtOAc/petrol) to give the product 17 as a colorless oil (102 mg, 88%).
Experimental Section (+)-6-(4-Methoxyphenyl)methoxy-3R-[(1S-phenylmethoxymethyl)-2-propenyl]amino-1-hepten-
4-ol (12
[ 6, 4.5 Hz), 3.55 (dd, 1H, J 4.2, 9.6 Hz), 3.47 (dd, 1H, J 5.7, 9.9 Hz), 3.29 (ddd, 1H, J 6.6, 6.9, 10.8 Hz), 3.04 (ddd, 1H, J 4.2, 5.7, 9.6 Hz), 2.89 (ddd, 1H, J 6.3, 6.6, 10.  7.95 (dd, 2H, J 1.2, 8.4 Hz), 1H), 2H), 5H), 7.21 (d, 2H, J 8.7 Hz), 6.84 (d, 2H, J 8.7 Hz), 5.16 (dd, 1H, J 4.8, 7.8 Hz), 4.98 (ddd, 1H, J 3.9, 7.8, 11.7 Hz), 1H), 4.61 (d, 1H, J 12.0 Hz), 4.54 (d, 1H, J 12.6 Hz), 4.42 (d, 1H, J 11.4 Hz), 4.37 (d, 1H, J 11.4 Hz), 4.26 (t, 1H, J 7.8 
